Introduction
Fly ash is produced as a result of coal combustion in thermal power plants and discharged in ash ponds. In thermal power plant boilers, the inorganic mineral content of coal is converted into amorphous glassy material due to combustion of coal at 1,300-1,350°C and devitrified as a result of high viscosity. Currently, more than 60 million tonnes of ash per annum are produced from different thermal power stations in India, which will touch the figure of 100 million tonnes by the next century. The predominant methods for fly ash disposal in developing countries are ash settling tanks, dumping or direct disposal in local waterways. These pond waters contain many soluble cations/ anions that are released from the glass matrix of the ash. After settling, water with its higher quantity of total dissolved solids (TDS) may either enter into river or stream or partly seep into the ground water.
It has been reported by Malek et al. (1983) that fly ash contains higher concentrations of B, Co, Cr, Cd, Mo, Ni, As, and Se than normally found in soils. The most environmental concern comes from the above aforesaid heavy metals in fly ash. The leaching potential of these heavy metals from an open system (fly ash ponds) is expected to be greater due to diurnal and seasonal variations in temperature, moisture content, and other parameters.
Since all the metals of fly ash are in the priority pollutants list (USEPA, 1993) , their suitability and leaching potentials will be expected to be high. It has been determined by Russel (1981) that longterm leaching of fly ash using low pH water released substantial amounts of Na, K, Al, S, As, Mo, Se, and V into the solution phase. Other studies by Natusch et al. (1975) indicate that Na, S0 4 , As, Se, Mo, Cr, and Pb levels were higher in fly ash affected ground water than in samples from unaffected areas.
Out of many types of particles present in ash, the glass-like particles are relatively insoluble in water. But, the enriched surface elements on these particles is soluble and hence available to the environment on leaching. Toxicity studies suggest that through leaching fly ash may adversely affect water ecosystems, while the solid materials emitted to the atmosphere may be hazardous to terrestrial ecosystems by direct external reactions (skin, eyes etc.) or by reactions in the respiratory tract.
In the developed nations such as USA, the ground water quality maps are recorded from time to time and well maintained to keep a close watch on the water quality in order to enforce environmental protection laws (Chugh, 1996) . ln the present study it has been proposed that it is very appropriate to initiate similar studies in all thermal power stations throughout India to keep a check on ground water quality to fulfil the requirements of environmental protection laws.
Study area
The Vijayawada Thermal Power Station (VTPS) is located at Ibrahimpatnam, 16Km away from the Railway city, called Vijayawada, Andhra Pradesh, India. VTPS ash pond site together with 13 sampling stations are presented in Figure 1 .
Methods and materials
The fly ash under study was collected from the ash pond of Vijayawada Thermal Power Station, Vijayawada (VTPS). Soil and ground water samples were collected from different locations covering about 10kms from the ash pond of VTPS. Chemical constituents of the soil, ash and water samples were carried by well established methods using atomic absorption spectrophotometer (AAS), direct current plasma (DCP) emission spectrometer, and flame photometer. Water analysis kit was used for measuring pH and electrical conductivity at the site. Density was measured by the specific gravity bottle method. Available N, P, S and exchangeable K in soil and fly ash samples were examined by the standard methods (Jackson, 1973; Subba Rao, 1993) . Available Cu, Fe, Zn and Mn were determined by the DTPA (diethylene triamine penta acetic acid) extraction method (Gupta, 1993; Lindsay and Norvell, 1978) . About 10gm fly ash was shaken with 20 ml DTPA extracting solution. The solution was filtered and the constituents determined using AAS and DCP.
X-ray powder diffraction analysis was carried out by the Phillips diffractometer model 1710 using CuK radiation and nickel filter at 40KV and 20mA. The identification of mineral phases was done with the help of Mineral Powder Diffraction file JCPDS and ASTM diffraction data. Infrared spectrophotometer model 984 G of M/s Perkin-Elmer, UK was used for measuring IR spectral lines by conventional KBr pellet method.
Results and discussions

Chemical composition of pond ash
The chemical composition of pond ash is shown in Table I which has alkalis (Na 2 O + K 2 O) in the range of 1.5 -2.3 wt per cent and alkaline rare earth's (CaO + MgO) less than 3.0 wt per cent (Prabha et al., 1994 Mineralogy and micro-structure of fly ash Crystal structure
The SiO 2 rich phase is crystalline and has the tetrahedral structure as shown in Figure 5 . The crystal structure of the spherical particles can be expected to be mostly disordered because of the amorphous nature of the material which formed as a result of super cooling of the partially fused silicate/alumino-silicate present in the coal. Alumino-silicate net- Weathering of fly ash and its effect on soil and ground water in the vicinity of ash pond
It has been noticed that pH of pond ash varies from 7.09 to 8.63, electrical conductivity ranges from 0.017 to 0.036m mhos/cm, specific gravity 1.63 to 1.83 and organic matter 0.73 to 1.94 wt% with an increase in distance up to 650/700 metres away from the disposal point that is covering the entire breadth of the pond (Table III and Figure 1 ). It was reported earlier that the chloride, sulphates, bicarbonates, organic matter, water extractable solids and electrical conductivity values of fly ash are decreased progressively from the surface of the pond with an increase in depth of the ash pond (Raju, 1993) . Such a situation shows the possibility of water contamination whenever the water table rises high.
The test results of ground water samples collected from about 13 stations over a distance of 10km from the ash pond of VTPS are given in Table IV . The TDS of ground water has been presented in Figure 7 as contours. Analysis of these results show an increase in the calcium hardness (96-298ppm), total hardness (168-904ppm), Magnesium (17-147ppm), Cl¯ (56-499ppm) and total alkalinity 105- 
Figure 6
Crystal structure of alumino silicate glass in flyash (Table IV) . A marginal rise in the concentration of Zn (0.01 to 1.30ppm) and Pb (0.01-0.05ppm) are noticed. Higher values of Fe up to 4ppm show that the leachability of Fe is as high as 40 times. The effect of pond ash on alkali ions Na and K in ground water appears to be not very significant (Table IV) . This may probably be due to higher ionic radii of Na and K ions which are readily exchanged to the soil and water slurry. From the leaching study of fly ash and chemical analysis of this water soluble material, it has been noted that all of the major elements present in the fly ash are also present in its water soluble fractions. The amount of water soluble fractions in different ashes varies significantly. There is no significant correlation between the composition of ash and water soluble fraction of ash. The movement of the cations Ca and Mg and the total hardness follow an increasing trend at the locations in the order 5 > 1 > 6 whereas chloride happens to be at its maximum value at the location-l which means, ClT is more localized here than at locations 5 and 6 (Figures 8 and 9 ). If we consider the locations 7, 4, 3, 9 and 8 there is a regular trend in the presence of both cations and anions (Figures 10-11) . In general, location No. 3 has maximum quantities of cations and anions as compared to the other locations. When the locations 8, 9 and 3 are only considered it is seen there is a regular fall in the concentrations of Cl¯, Ca, Mg and total hardness as 8 < 9 < 3. These results are shown in Figures 6-12 and the movement of the ions has some bearing on their ionic radius, ion exchange capacity, geological terrain and pH of the fly ash. The bigger the ionic radius of elements, the higher is the rate of their exchange.
Apart from slight solubility in water, fly ash is chemically very stable and there is no deterioration on exposure to the atmosphere. Furthermore, since the soluble content becomes fixed by participation in the pozzolanic action, water passing over or through the ash is unlikely to pick up significant quantities of any compound that would lower the quality of stream or ground water.
The parameters that greately affect the leaching process also include soil texture, pH, particle size, the presence of chelating agents in soil, ratio of fly ash to the solution's temperature, presence of leachate collection systems and the origin of fly ash.
Exchange of ions from soil/fly ash to plants
Concentration of soluble elements in soil have shown an upward trend by adding more fly ash to it (Page et al., 1979) . It is essentially due to the fact that the soluble fraction of elements coming from fly ash are readily absorbed and retained by the soil in order to enhance growth of plants. Soybean, lady's finger, peas and bengal gram have shown encouraging growth rate in the fly ash (30 -90 wt%) amended soil (RRL, Bhopal, 1996) . The edible parts of the these plants were analyzed for Fe, Mg, Ni, Cu, Zn, Na, K which have shown higher uptake of these ions when com- pared to the crops grown on control soil (Table V) . In addition to the higher concentration of the above ions in the edible parts of these plants, the rate of uptake of the elements varied from plant to plant. This may be due to metabolic reactions at the roots of these plants and by controlling assimilation of soluble elements by plants (Adriano et al., 1980) . Further, addition of minerals such as low grade rock phosphate enhanced the growth pattern of peas and other plants owing to the interaction of phosphate ion with some of these elements leading to an increase in their leachability. The above studies indicate a possible method of controlling the seepage of various ions to the ground water by selective vegetation and systematic plant growth on ash ponds and fly ash amended soils. This exercise will further reduce the pollution of ground water.
The environmental pathways of all pollutants can be predicted as a series of events. Once the constituents are released to the aqueous phase, they may directly be absorbed by plant roots or they may leach to the subsurface. If they are absorbed by the plants, then they will remain fixed until the plants are consumed by animals or decomposed. In the latter case the constitutents are released back to the soil. If the constituents are released into the subsurface environment, they participate in several chemical and hydrologic process. The combined effects of such physical, chemical and hydrodynamic processes contribute to decrease the concentration of the solutes released from the waste as a function of distance from the point of application.
The transport of particular chemical species in terrestrial systems is of interest to a variety of scientists (Bower and Wilcox, 1965; Cole, 1980) , since measurement or reporting of total concentration of a particular inorganic compound (Enfield et al., 1980) in the soil may be misleading in many environmental management situations. Toxic effects of trace metals may be affected more by their chemical form than by their total concentration (Florens, 1977) . Therefore mathematical models capable of simulating the distribution of inorganic pollutant species in soil and ground water systems are valuable tools for analysing contaminant pathways. An evaluation of the fate of inorganic compounds in soil and ground water requires a detailed consideration of the physical, chemical and biological processes and reactions involved such as complexation, adsorption, precipitation, oxidation-reduction (Mahier et al., 1980) , chemical speciation and biological reactions (Figure 12 ) to determine the free metal concentration in soil solutions. These processes can affect such characteristics as species solubility, availability for biological uptake physical transport and corrosion potential (Lymen et al., 1982; Prickett et al., 1981) Environmental monitoring comprising collection and analysis of ground water, surface run-off, and the leachate analysis of ash taken from within the ash pond shows that fly 
Figure 12
Principal controls of free metal concentrations in soil solutions (adapted from Mattigod et al., 1981) [ 207 ] ash pond does not necessarily detrimentally affect ground water concentrations. However, potential impact of fly ash pond on the local environment may generally arise out of wind erosion, surface water erosion, dissolution by surface run-off, rain and subsequent percolation to ground water. Percolation of water through fly ash ponds generally yield high alkaline solution (pH: 8-10) that will restrict heavy metal leaching. The concern, hence, lies on the longevity of this suffering continual rainfall infiltration or ground water intrusion. Acid extraction procedures, such as the USEPA, EP-toxicity test (simulates this long-term condition in an aggressive batchequilibrium leaching test) indicate that the effluent from these fly ash ponds are will within limits as prescribed by USEPA (1976) by at least one order of magnitude for all metals of concern except iron. In order to minimize the occurrences of such environmental problems with structural fly ash pond, it is advisable to restrict the rate of water percolation by a properly designed drainage and collection system.
Conclusions
• Near the ash pond the ground water quality is changed owing to the leaching of soluble ions present in fly ash.
• Addition of fly ash to the native soil lead to an increase in the availability of nutrient ions like Cu, Ni, Zn, Fe, P, K and Na and enhanced growth of plants.
• External erosion due to wind, rain and wave action can also be controlled by a suitable vegetative cover on the downstream slope while protecting the upstream slope. Adequate spillway or runoff diversions must be provided and will be maintained properly.
• Selection of particular type of plants and their planned growth, would control the migration of metallic ions to the ground water.
Avoiding high inputs of fly ash in soil amendment schemes for better crop growth and introduction of metabolic mechanisms would control the leachability of soluble ions and reduce migration of various elements to the ground water. 
